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Overview: What is ORION?

• ORION is a supervisory test cell control system for automating 
characterization and calibration of engines

– It facilitates the calibration process by taking control of both the ECU calibration 
system and the test cell control system to run experiments as part of an 
automated calibration process

– It takes a DoE as input
– The user then defines a sequence of actions to complete the calibration task in a 

user friendly GUI
– It then runs the sequence in the test cell commanding both the test cell control 

system and the calibration system according to the actions in the sequence
– Along the way it collects data as directed to characterize the engine 
– This data is then output after the test to the next step in the model based 

calibration process
• ORION is developed in cooperation with IAV GmbH to include IAV’s 

calibration expertise into a commercial tool
• A&D is a Mathworks partner and ORION is designed to fit with MBC

Toolbox as a complete process
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Overview: The Problem
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Model Based Calibration
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Overview: Aim of DoE Design
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ORION test automation :

• Very flexible test automation by user-defined test sequence 

• Expandable function library

• Open interfaces: support of a wide variety of DoE - and calibration tools 

• Open workflow: advanced tools for experts or simplified GUI for standard tasks

Overview: Model-based Calibration 
Process with ORION
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ORION (Supervisory Control)

iTEST (Real-Time Control) – any 
DAC system possible with driver

ANDROMEDA
(ADX Dyno/Throttle Controller)

DoE Tool

CAS System

ECU
Development 
Tool 
(INCA/Vision)

MathWorks

ASAP3 ���
���


Test Plan

CONSTRAINTS (Data)
1. Exhaust Temp 
2. Knock

1. Global

ORION Communication

iTEST Communication

PROCEDURES
1. Start
2. ORION Command
3. Stop

LIMITS (engine)
1. Temp
2. RPM
3. Pressure

PIDs

iCONNECT

TEST BED
2. Local Spark Sweep
3. Local AFR Sweep

ASAP 3

Overview: ORION in the Test Cell
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Overview: Build Configuration

Automated Engine
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Setting of Parameter:
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•Define Execution Order 
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•Set Options of Actions
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Overview: ORION Programs

•

MDA – Measurement Definition 
Application: The Configuration GUI

MA – Measurement Application: 
The Test Execution GUI
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Overview: File Input Interfaces
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Detail: Connection in Test Cell (1)
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Detail: Connection in Test Cell (2)
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Using: Easy Interface for Operator

Load
Configuration

Start Pause StopStep
Level of Usage:

Easy to use test run interface
handled by test cell operator

Running of predefined 
sequences for standard tests

Required Skills:

Experience of work at the test cell
Work with standard PC program
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Using: Configuration by Engineer

Level of Usage:

Easy to use configuration GUI 
handled by calibration engineer 
and experienced test cell 
operator

Modification of parameter 
properties (limits, step width)

Changing test sequence by 
choosing functions from the 
Action Library

Required Skills:

Engine calibration experience

Sequence Definition

Test Plan

Parameter Definition
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Using: Customization by Expert

Level of Usage:

Open programming interface with 
templates to create user defined 
strategies

Add new functions to the Action 
Library

Support for different 
programming languages 
(Simulink, m-Files, C#, …)

Required Skills:

Programming
Engine calibration experience

O
utputs

Inputs

Action Library
Building Test Sequence

User-defined
Function



Model-Based Calibration Example
ECU-torque model
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Model-Based Calibration Example
ECU-torque model
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Limit of:
HC
COV
Catalyst Temperature

Limit of:
HC
COV
Knocking Limit

torque max

1. Find MBT
2. Set Spark Timing Offset relative to MBT

(value given by test plan)

DoE-Instruction for Measurement (collect 2 data points per spark sweep)



Spark Sweep Sequence Parameter Definition Limit Definition

Store Values For Reset all Maps, Parameters

Start Parallel Control 1 + 2 Cntr1: CA50, Cntrl2: AFR Cntrl1: Knock, Cntrl2: Exh.Temp.

Set Operating Point Speed, Relative Load

Set Direct Swirl Flap

Set Stepwise Camshaft Position COV, HC

Set Indirect EGR-Rate using EGR-Valve COV, HC

Stop Parallel Control Control 1: CA50, Control 2: AFR

Optimize Torque by SparkTiming Knock, Exh.Temp.,COV, HC

Stabilize Exhaust Temperature Knock, Exh.Temp.,COV, HC

Measure Time Knock, Exh.Temp.,COV HC

Set Stepwise SparkTiming Offset Knock, Exh.Temp.,COV HC

Measure Time Knock, Exh.Temp.,COV HC

Stabilize Exhaust Temperature Knock, Exh.Temp.,COV HC

Reset ECU all Maps, Parameters

Model-Based Calibration Example
ECU-torque model



Prepared for: ASAM Forum

Specifications: Included Components

• Included Test Bench Integration Interfaces
– iTest, ADAPT, PUMA, FEV TCM and others

• Included ECU Calibration Tool Interfaces
– ETAS INCA, ATI Vision, Vector CANape

• Included Actions
• Configuration file

– ORION XML configuration file
• Input files

– *.csv DoE file, *.a2l file ECU parameters
• Output files

– *.csv measurement file



Prepared for: ASAM Forum

Summary

• Using this process of combining ORION in for the test cell 
measurement with DoE and modeling tools has been used to turn test 
cycles of months into weeks
– Accuracy of the calibration in all cases has been better or the same
– Repeatability is always enhanced.

• ORION uses ASAM MCD interfaces where possible in the test cell 
environment to automate the difficult task of measurement

• ORION takes a common-sense approach in interfacing with the test cell
– Many existing test cells do not have ASAM interfaces available. 
– ORION adapts to existing test cell architectures as necessary.

• Come see ORION in action in booth 9004

• Thank You


